Serial measurements of CBF and metabolism require mUltiple cerebral venous blood samples. Retro grade catheterization of the right internal jugular vein is easily performed at a point 2.5-3 em lateral to, and 2 em above, the medial end of the right clavicula. Complica tions are few and minor. In 1/80 (1.25%) cases the carotid Measurements necessary for calculating cerebral metabolic rate [CBF x (arterio-venous) substrate concentration] are often relevant in patients with cerebral ischemia. Difficulties may arise concerning the venous blood sampling with regard to the fol lowing questions: Is the venous blood sample con taminated with blood from extracerebral sources?
Does the blood sample truly represent the area of the brain in which the CBF is measured?
Retrograde catheterization of the internal jugular vein using midcervical puncture has previously been described (Escuret, 1974) . During the midcer vical puncture, the carotid artery is placed just be hind the jugular vein, introducing a risk of acciden tal puncture of the artery. At the lower part of the neck, the jugular vein is placed lateral to the carotid artery in a fairly constant position (Fig. 1) extracerebral venous blood contamination, is also examined.
MATERIAL AND METHODS

Patients
In 80 patients, referred for measurements of CBF and cerebral oxygen metabolism, a retrograde internal jugular vein catheter was placed according to the technique de scribed below. In 13 of the patients, the correlation be tween extracranial blood contamination and localization of the catheter tip was tested.
Catheterization technique
The patient is placed in a slight Trendelenburg position to distend the internal jugular vein. A point 2.5-3 em lateral to, and 2 em above, the medial border of the right clavicula is selected and the skin is punctured with a thin needle (e.g., 0.8 x 50 mm) mounted with a 2-ml syringe containing saline or local anesthetic. During gentle aspi ration the needle is passed in a cranial direction for 3-4 em, at an angle of 30° in the sagittal plane, for localization of the vein.
Then the vein is catheterized with a 1.6 x 2�mm poly urethane central venous catheter (Secalon Seldy, Viggo), in a sterile fashion, by the Seldinger technique. The guide wire is moved forward for 16-18 em until a slight elastic resistance is felt. If so, the tip of the catheter should be placed in the superior bulb of the internal jugular vein. The final catheter is placed by means of the guide wire.
The point of puncture is covered by sterile transparent dressing (Tegaderm; 3M Medical Surgical Division), and mb IJV the catheter is connected to a three-way stopcock. Both dressing and stopcock are changed daily.
x-Ray control
The position of the catheter tip can be checked with a plain x-ray film, by means of the anteroposterior projec tion centered on the neck. The tip should be placed just medial to the mastoid bone, at the level of the base of the mastoid bone, and curved slightly in the medial direction.
Extracerebral venous blood contamination
Starting with the catheter tip at the base of the skull, the catheter is pulled back in 1to 2-cm steps. At every step a blood sample is withdrawn and measured for oxy gen content (Oxyhemometer, OSM-2; Radiometer, Den mark). The oxygen content is plotted against the distance of withdrawal. A deviation from the previous sample of > 10% is interpreted as a result of major extracranial con tamination.
RESULTS
The described technique has been used in 80 pa tients. Usually the vein was localized at the first puncture. The catheter stopped halfway in five cases, but could be correctly placed after turning the patient's head to the right. In one case the ca rotid artery was punctured accidentally, but hemo stasis was secured after 10 min of compression. In the first 12 patients the position of the catheter was checked by x-ray film. All cases showed correct position of the tip.
As shown in Fig. 2 , a pronounced change in ve nous oxygen saturation is seen in 4/13 patients when the catheter tip is withdrawn >2 cm. This change in oxygen saturation is interpreted to be a result of major extracerebral contamination.
DISCUSSION
Technique
The advantage of the technique presented is that the point of puncture is easy to identify because of well-defined reference structures and exact dis tances.
This technique is easy to perform. Starting with a Oxygen saturation in the internal jugular vein mea sured at various distances from the base of the skull. In 4/13 patients (indicated by asterisks), the oxygen saturation changed >10% at a distance of >2 cm from the skull. This is interpreted as major extracerebral blood admixture. (Batson, 1944) .
However, there is good evidence that all but a very small proportion of the jugular venous blood drains the cerebral hemispheres, this proportion be ing usually 3%, maximally 7% (Shenkin et aI. , 1948) . In a few cases, however, the extracerebral inlet may be considerable (Lassen and Lane, 196 1) .
Below the superior bulb the internal jugular vein receives influx from the facial and retroman-dibular veins, causing a substantial extracranial ad mixture.
The oxygen saturation of the venous blood was used to test for contamination. In the cases with marked change in oxygen saturation, extracerebral contamination was clearly demonstrated. Our re sults indicate that if the catheter is placed with its tip within a few centimeters from the base of the skull, major extracerebral contamination is pre vented.
In this series no cases with incorrect position of the catheter were found in the first 12 patients in whom x-ray control was performed, leading us to believe that it is unnecessary to carry out x-ray con trols if the catheter placement is uncomplicated.
Choice of jugular vein
A significant difference in the oxygen content of the left and right internal jugUlar veins has been shown (Gibbs et aI., 1934; Ferris et aI. , 1946) . This observation suggests that the internal jugular vein drains different parts of the brain. It has been dem onstrated that the right jugular vein usually drains the superior sagittal sinus, thus draining primarily the cortex of the brain . This is the reason why we have chosen to use blood samples from the right jugular vein in calculating cortical CMR02.
Long-term use of catheter
After each series of studies, the catheter can be withdrawn 3-6 cm and used for infusion of isotonic nonphlebotoxic solutions. Injection of drugs should be avoided to prevent thrombosis. In the event of further CBF studies, the catheter is renewed and reinserted by means of a guide wire. This procedure has been used for long-term cannulation in 48 pa tients for up to 3 weeks (mean 14 days).
CONCLUSION
We have described a method for retrograde cath eterization of the internal jugular vein, which may be carried out safely and easily and with only minor inconvenience for the patient. The described tech nique permits collection of cerebral venous blood samples, with a minimum of extracerebral blood contamination. We have used the method for peri ods of up to 3 weeks.
